Introduction
Among more than 100 cases of UPD for different chromosomes reported in the literature to date, the overwhelming majority shows UPD for an entire chromosome. However, UPD of segments of chromosomes with the exception of mosaicism for paternal UPD of the chromosomal segment 11p15-pter in patients with Beckwith -Wiedemann syndrome (BWS) have only occasionally been reported. 1 Although maternal UPD (15) is not an infrequent finding, occurring in approximately 30% of patients with PraderWilli syndrome (PWS), and paternal UPD (15) is found in about 5% of cases with Angelman syndrome (AS), no case with UPD of only a segment including the critical region 15q11.2 -q12 has so far been reported. This prompts us to describe the observation of segmental heterodisomic maternal UPD15 in a patient with PWS.
Case report
The propositus, a male (Figure 1 ), was the first-born child of healthy, non-consanguineous parents. At the time of delivery, the mother was 22 years and the father 24 years old. The mother reported diminished fetal activity. The patient was born after a term uncomplicated pregnancy and induced delivery at 40 weeks. Birth weight was 3200 g (25th centile), and length was 53 cm (90th centile). His father's height is 176 cm and his mother's is 180 cm. The infant had severe hypotonia and poor suck in the neonatal period. After the age of 6 months feeding difficulties improved, and he developed progressive obesity: at 9 months of age his weight was 10.0 kg (75th centile), and at 1 year -12.4 kg (95th centile). He was referred to the Tomsk Institute of Medical Genetics at the age of 2 years for genetic evaluation with a preliminary diagnosis of PWS.
At examination at 2 years of age, the proband had severe obesity resulting from hyperphagia, convergent strabismus, full cheeks, microstomia with carp-shaped mouth, short neck, small hands with delicate and tapering fingers, and small feet (foot length 11.6 cm, o3rd percentile). He also had cryptorchidism with hypoplastic penis and scrotum, muscular hypotonia, hyporeflexia, retarded psychomotor, and speech development. His weight was 20.7 kg (far above the 97th centile), and his length was 87 cm (50th centile). The phenotype is consistent with the diagnosis of PWS.
Methods
Peripheral blood samples were collected from the patient and both of his parents for cytogenetic and molecular analysis. Peripheral blood lymphocytes were cultured according to standard techniques, followed by staining with GTG and DA-DAPI. Fluorescence in situ hybridization (FISH) was performed according to the manufacturers' protocols using the commercially obtained locus-specific DNA probes SNRPN/PML and D15S10/PML (Appligene and Oncor).
The analysis of methylation status of the SNRPN gene, in the PWS critical region 15q11 -q13, was done by methylation-specific PCR using DNA treated with sodium bisulfite. 2 Genomic DNA was purified using a commercial kit (Promega, Madison, WI, USA) and microsatellite analysis was performed according to standard protocols.
Results and discussion
Conventional chromosome analysis following GTG banding showed a normal male karyotype with 46 chromosomes in all 50 cells examined. The FISH results with the two DNA probes SNRPN/PML and D15S10/PML confirmed the lack of a deletion at 15q11 -q13. A single band representing methylated SNRPN alleles, that is, the maternal alleles in the normal situation, was observed by methylation-specific PCR technique with DNA treated with sodium bisulfite (data not shown). This pattern is typically detected in PWS patients. The analysis of 19 polymorphic microsatellite markers distributed along Figure 1 Proband E at age 2 years old. Table 1 ). However, five more distally located informative markers demonstrated biparental inheritance ( Figure 2 , Table 1 ). A maternal uniparental disomy could be excluded for the partially informative markers D15S1048 and D15S144. Thus, the uniparental disomy appears to extend to a position between 24.2 (15q12.2) and 27.4 Mb (15q13.3). Paternity was confirmed with high probability (at least 99.9%) by the results of the analysis of seven microsatellite markers mapping to other chromosomes (data not shown).
To the best of our knowledge, only 13 cases of segmental UPD have been reported to date. These consisted of: one case with unclear parental origin of isodisomy for chromosome 4p; 3 eight cases with segmental maternal UPD (for chromosomes 2, 4, 7, 14, 17, and X), 4 -11 and four cases with segmental paternal UPD (for chromosomes 6, 14, and 20). 12 -15 Cases of segmental heterodisomy are rarer than cases with isodisomy: only three cases of heterodisomy have been detected (for chromosomes 14 and 17) 8 -10 and all of them were maternal in origin. However, at a recent reevaluation of one case previously reported as having segmental matUPD14, 8 the results of comprehensive microsatellite marker analysis did not confirm maternal UPD. 16 Maternal heterodisomy 15 in our proband with PWS was observed at 15q11.1 -12.2 (the most distal informative marker was GABRB3), while analysis of markers mapping to more distal segments of the long arm of chromosome 15 demonstrated biparental inheritance. The relative proneness to recombinations of the 15q11 -q13 region may be attributed to low copy repeats derived from large genomic duplications in the vicinity of the common breakpoints. 17 The mechanism of formation of segmental maternal UPD in our case appears to be the combination of three consecutive events: trisomy 15 in the zygote following a maternal meiosis I error, early postzygotic mitotic recombination between maternal and paternal chromatids, and, finally, trisomy rescue by loss of the rearranged homologue containing the paternal 15q11 -q13 segment. Although a similar case has not, to the best of our knowledge, been reported to date, it has to be emphasized that such an event could easily be overlooked if the analysis, aimed at detecting a maternal UPD of the critical 15q11 -q13 region, is not extended to more distal regions. Although it is highly advisable to test distal markers, informative markers at 15q11 -13 that show heterodisomy would be per se sufficient for a molecular diagnosis (if the methylation test is also abnormal and paternity is confirmed).
Finally, the observation that our proband's phenotype was in no way different from patients with maternal UPD for the entire chromosome 15 confirms the assumption that maternal UPD of the segments beyond 15q11 -q13 has no additional influence on the phenotype. 
